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I. Introduction

This paper is the second in a series of analyses
we have prepared based on simulations of a vari-
ety of portfolio strategies over a significant pe-
riod of time. The first of these analyses' exam-
ined the ‘“‘fully covered’” call-option-writing
strategy and the buying strategy which combines
purchase of call options and commercial paper.
In the study presented here, we examine the
‘‘uncovered’’ put-writing strategy and the buying
strategy which combines the purchase of put op-
tions and the underlying stocks. As a preface to
the simulations, we analyze the quantitative dis-
crepancies between the parity model of put pric-
ing and a model which takes into account the
possibility of early exercise of the put. In con-
nection with this analysis, we simulate the re-
turns to the ‘‘conversion’’ strategy which com-
bines the purchase of put options and the under-
lying stocks with the simultaneous sale of the
corresponding call options.

*This research was financed, in part, by grants from
Donaldson, Lufkin, & Jenrette, New York; the Center for
Research in Security Prices, University of Chicago; and the
National Science Foundation, Washington, D.C.

1. Merton, Scholes, and Gladstein (1978). In the present
paper, all references to *‘our earlier paper’’ are to this study.
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As in our earlier paper
on call-option
strategies, we find in
this study that investors
can use uncovered put-
option-writing and pro-
tective put-option-
buying strategies to
produce patterns of re-
turns for investment
portfolios, not repro-
ducible by any simple
strategy of combining
stock with fixed-income
securities. Put options
are viewed as term in-
surance, insuring
against a loss in value of
underlying stock: in-
vestors sell insurance
by using the uncovered
put-writing strategies
and investors buy insur-
ance protecting the
value of stocks within a
portfolio by using pro-
tective put-option-
buying strategies. No
put strategy or call
strategy can dominate
any other strategy if op-
tions are priced cor-
rectly. Although there is
no single best strategy
for all investors, they
are not indifferent
among strategies be-
cause the patterns of
returns differ. We,
therefore, show these
important patterns of
returns on put-option
strategies not only using
single stocks but also
using portfolios of
stocks.
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As discussed in our earlier paper, the introduction of options mar-
kets provides a significant expansion in the patterns of portfolio returns
that were heretofore unavailable in combinations of equities and
fixed-income instruments. To benefit from the additional investment
opportunities provided by options, investors must be informed as to
the return characteristics of various option strategies. However, there
has been only limited first-hand experience in trading of options in
organized markets because the option exchanges have been in exis-
tence for such a short period of time. Indeed, organized trading in call
options began in April 1973 and trading in put options began only
recently, in June 1977. Our simulations are designed to provide the
needed and missing empirical background which might otherwise have
been available if these markets had existed over a number of market
cycles.

In a similar fashion to our study of call-option strategies, the analyses
presented here illustrate the return characteristics of these put-option
strategies over a period of varying market environments and demon-
strate how put-option strategies can be used to modify the risk-return
patterns of the underlying stocks. To provide continuity with our
earlier study, we have chosen the same format for presentation and
have used the same two samples of underlying stocks.

The stocks used in the first sample are all of the 136 stocks on which
listed options were available as of December 1975.2 As discussed in
detail in our earlier paper, this sample is subject to selection bias in the
sense that a portfolio of these stocks can be expected to outperform a
randomly chosen group of stocks during the simulation period.’* Hence,
we have prepared a parallel set of simulations on a second group of
stocks that are not subject to this bias. This second sample contains the
30 stocks in the Dow Jones Industrial Average as of the beginning date
of the simulation period.* To identify which sample of stocks is asso-
ciated with the various simulations, the prefix ‘136’ is used for simu-
lations based on the large sample and the prefix ‘‘DJ’’ is used for
simulations based on the 30 Dow Jones stocks.

The simulation period for the earlier study was the 12%-year inter-
val from July 1, 1963 to December 31, 1975. For the present study, it
has been extended to the 14-year interval from July 1, 1963 to June 30,

2. Listed price date were not available for all 136 stocks for the entire simulation
period. See Merton et al. (1978) for a breakdown of the number of stocks by period from
July 1963 to June 1972. After June 1972, price data were available for all 136 stocks.

3. Although we did not choose this group of stocks on the basis of their past perfor-
mance, past performance was almost surely a consideration in its selection by the options
exchanges. There is no selection bias for this group in the January 1976-June 1977
interval of the simulation period.

4. Because Anaconda was merged, the DJ portfolio contains only 29 stocks in the last
6-month period.
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1977. As with the earlier study, all the strategies examined have
semiannual holding periods between portfolio revisions, and there are
therefore a total of 28 basic observation subperiods in the simulations.
To allow for comparisons of the return patterns among the strategies
examined in both studies, summary return statistics on the previously
examined call-option strategies are provided for the extended period
through June 1977.

As was pointed out in our earlier call-option study, the return statis-
tics for the various option strategies are sensitive to the choice of the
simulation period (1963-77) and to the length of the holding period
between portfolio revisions (6 months). While we believe that the
simulations provide a reasonable indication of the differences in risk
patterns (i.e., standard deviation, skewness, and extreme values)
among various option strategies, we warn the reader against attaching
great significance to the differences in average returns. Just as with the
average returns on stock-investment strategies, the average returns
from option strategies are especially sensitive to the periods chosen,
and hence these averages, which are based on (ex post) historical
returns, provide unreliable indicators of the (ex ante) expected returns.
If, as is assumed in our simulations, stocks and options are ‘‘fairly
priced,”” the lower-risk strategies will have lower expected returns.
Therefore, if a lower-risk strategy happens to have a higher average
return than a higher-risk strategy over the simulation period, the reader
should not use these historical results to project future performance
from these strategies. We deal with this sensitivity of the average
returns to the choice of simulation period, at least in part, by providing
in the Appendixes tables which display the average returns for every
subperiod of the simulation period.

The sensitivity of the return statistics to the simulation and holding
periods is, of course, not unique to option-investment strategies. The
same concerns would apply to any study of investment strategies based
on past history. However, unlike stock and bond investment strategies,
the performance of option strategies is also significantly affected by the
choice of premium levels. We believe that the premium levels used
here are reasonable estimates of the ones that would have been paid or
received during the simulation period. However, as in our earlier
call-option study, sensitivity tables are provided to show the effect of
higher or lower premiums on the pattern of returns for these strategies.
These tables permit the reader who believes that our premiums are
biased to “‘correct’ our results to fit his own beliefs about premium
levels. For those who agree with our fair-value estimates for premiums,
the tables show the effect on performance if options are not *‘fairly
priced.”” Finally, these tables will show that the principal effect of
different premium levels is to change the average returns, and therefore
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they serve to reinforce our assertion that the differences in risk pat-
terns among the strategies observed here are robust with respect to our
assumptions.

For the effective use of our results, a basic knowledge of the func-
tional characteristics of options is essential. A detailed nontechnical
discussion explaining the basic features of both call and put options is
provided in our earlier paper. For a more technical discussion, there is
an excellent survey article by Smith (1976).

II. On Put-Option Pricing

To generate a time series of returns for put-option strategies, it is, of
course, necessary to have put-option prices. As was the case in our
earlier paper, the strategy simulations employ premiums derived from
an option-pricing model rather than actual market option prices. While
the reasons for this choice are essentially the same as in our call-option
study, they bear repeating here.

To generate a representative pattern of returns requires a long time
period covering a variety of market environments, but before 1973
there was no organized market for call options, and trading in put
options has only just started. Prior to the organized markets, all option
transactions took place through options dealers on an individual trade
basis and there was no standardization of the option contracts with
respect to either the exercise price or the expiration date. Short of
obtaining a dealer’s book,* the two systematic sources for OTC option
prices are dealers’ newspaper advertisements and weekly submissions
to the Security and Exchange Commission by the Put and Call Brokers
and Dealers Association. However, the prices advertised were not
always the transactions price, and many of the advertised *‘specials’
were only available in limited quantities. The SEC submissions were
for only 10 companies, and these companies varied from week to week.
Moreover, as Gould and Galai (1974, p. 111) point out, ‘‘These prices
are nominal quotations and, since the price on any newly written put or
call is negotiated, there are surely some observational and judgmental
errors in these data.’’ Even if these data ‘‘errors’’ are neglected, to
simulate a specific strategy requires price data for options with the
same exercise price/stock price ratio and the same expiration date for a
large number of stocks. Such price data are not available for put
options. Finally, the terms of options bought and sold through options
dealers provided for adjustments to the exercise price when cash
dividends were paid on the stock. No such adjustments are made for

5. Black and Sholes (1973) did test their model using actual transactions recorded in a
dealer’s diary from 1966 to 1969. Gould and Galai (1974) also use these data. However,
the time period spanned by these data is still rather short.
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listed options. Therefore, the premiums paid for OTC options are not
comparable to the listed option prices for dividend-paying stocks.
The call-option pricing formula used in our earlier study was the
well-known *‘Black-Scholes’” formula adjusted for dividends.® How-
ever, no such simple formula has been derived for put prices. If options
were ‘‘European’” (i.e., not exercisable prior to the expiration date),
then, to avoid arbitrage, the price of a put on one share must satisfy

m
P,=C—S +Ee™+ > de, (&
i=1

where

P,= price of a European put with exercise price E and time until
expiration T;

C = price of a European call option with the same exercise price and
time until expiration;

§ = price of the underlying stock;

r = (continuously compounded) market rate of interest;

d; = cash dividend per share on the stock payable at time#; (0 <t, <T;
bl 2 o ),

Formula (1) is sometimes called the ‘‘parity-model’’ formula.” If the
assumptions required for its derivation were satisfied, then the pricing
of puts would be no more involved than the pricing of calls. Indeed,
given any formula for pricing calls (e.g., the Black-Scholes formula),
then (1) could be used to price the corresponding put. Unfortunately,
as has been shown elsewhere (see Merton 1973a, 1973b, pp. 159-60),
there always exists a stock price such that for a given maturity put
option, the put is worth more if exercised immediately than if not.
Hence, the fundamental assumption of the parity model is violated, and
the put-option price given by formula (1) will be systematically biased
below the correct put-option price. Figure 1 illustrates the price re-
lationship between an *‘American’ put that can be exercised at any
time, P, and its European counterpart, P,, where S(T) denotes that
stock price where it is optimal to exercise a put with time until expira-
tion 7.

Although its derivation is beyond the scope of this paper, a put-
pricing model that takes into account the possibility of early exercise
has been derived along the methodological lines of Black and Scholes

6. Black and Scholes (1973). For a discussion of the dividend adjustment, see Merton
et al. (1978) and Appendix A of the present paper.

7. For a derivation of this formula, see Merton (1973, p. 157). Stoll (1969) and Gould
and Galai (1974) derive and test it. In addition to the *‘European’ assumption, the
formula derivation requires: (1) the borrowing rate equal to the lending rate, (2) use of the
proceeds from short sales, (3) a known dividend policy over the life of the options, (4) no
transactions costs or differential tax rates.
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F1G6. 1.—American versus European put prices

(see Appendix A and Merton [1973b, pp. 173-74]). The model simul-
taneously provides the put price and the schedule of stock prices, S(T),
where it is optimal to exercise the put. Like the Black-Scholes call-
pricing model, the derived put-pricing model uses for inputs: (1) the
current stock price per share, S; (2) the length of time until expiration
of the option, T; (3) the exercise price, E; (4) the market rate of interest
for riskless, fixed-income securities, r; (5) the variance rate for the
logarithmic returns on the underlying stock, o%; (6) the cash dividend
payouts on the stock during the life of the option, {d;}. All the inputs
except the variance rate and the dividends require no estimation.
Moreover, given the relatively short duration of the options, the divi-
dend policy can be reasonably well estimated, and to a lesser extent so
can the variance rate.® Unfortunately, unlike the Black-Scholes call-
price case, there is no closed-form solution to the underlying partial
differential equations for the put price. Hence, the put-option formula
must be computed by numerical methods. Fortunately, recent re-
search® has produced numerical procedures which make such compu-
tations economically feasible.

In our simulations, we used the sample variance of the previous 6
months of daily logarithmic price changes to estimate the variance rate
for each stock during each of the 28 6-month holding periods. The
dividends used were the actual dividends paid on the stock during the

8. For further discussion of this point, see Latane and Rendleman (1976) and Merton
et al. (1978).

9. Such procedures are developed explicitly for put options in Brennan and Schwartz
(1977) and Parkinson (1977). See also Schwartz (1977). The procedure used in our paper
is an adaptation of Parkinson’s method.
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FiG. 2.—Average percentage put-option premium versus time (136-stock
sample).

life of the option. While the dividend estimate, unlike the variance-rate
estimate, uses future information not actually available at the time that
the position is established, the bias of this procedure is trivial in its
impact on the option premiums and the strategy returns. The interest
rate used throughout the study is the 6-month prime commercial paper
rate.

With respect to the inputs into the model, the put-option premium
will be larger for larger values of E, o2, T and {d,;} and will be smaller
for larger values of § and r. Figure 2 plots the average of the percentage
put-option premiums (i.e., the put price divided by the stock price) for
6-month puts on each of the underlying stocks in the 136-stock sample
for the 28 6-month periods from July 1963 to January 1977. The three
time series of average percentage premiums are for different option
series with exercise price/initial stock price ratios of 0.9, 1.0, and 1.1,
respectively. Figure 3 plots the corresponding average percentage
premiums for the DJ stock sample.

As was the case for call premiums examined in our earlier paper, the
average percentage premiums vary substantially. The changes in the
premiums reflect the changes in interest rates, variance rates, and
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FiG. 3.—Average percentage put-option premium versus time (DJ stock
sample).

dividend yields over time. Inspection of figures 2 and 3 reinforces the
conclusion reached in our earlier paper on call options that option
premiums will vary substantially through time, and therefore any study
of the returns from option strategies must take such variations into
account.

To put the levels of put-option premiums in perspective, we relate
them to the more familiar call-option premiums by computing the
average put/call price ratios (i.e., the put price divided by the call
price). To compute the call prices, the Black-Scholes formula adjusted
for dividends (as described in our earlier paper and in Appendix A here)
was used. With respect to the model inputs, the put/call price ratio is
larger for larger values of E and {d;} and is smaller for larger values of
S, o2, and r. Figures 4 and 5 plot the average of the price ratios for
6-month puts and calls with the same exercise price on each of the
underlying stocks in the 136 and DJ stock samples, respectively. For
the entire simulation period the average price ratio for the option series
with an exercise price/initial stock price ratio of 0.9 was 19.9% for the
136-stock sample and 16.3% for the DJ sample. The corresponding
average ratios for the other option series were 84.9% and 90.2% for the
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FiG. 4.—Average put/call price ratio versus time (136-stock sample)

exercise price/initial stock price ratio of 1.0,'° and 442.2% and 612.2%
for the exercise Price/initial stock price ratio of 1.1. As inspection of
figures 4 and 5 demonstrates, the average price ratios for each stock
and option series varied significantly among the 28 6-month holding
periods.

To avoid confusion with the procedure used in the strategy simula-
tions in this paper, note that the average percentage premiums and
average put/call price ratios presented here are only representative of
the levels used in the simulations. In the simulations, a separate pre-
mium is estimated for each stock and for each 6-month period.

We close this section by returning to the comparison between the
parity model of put-option pricing and the derived put-option pricing
model. As previously discussed, there is no theoretical issue: the parity
model will systematically understate the value of a put. However, there
is an important empirical issue, namely, the magnitude of this bias. At
least two empirical papers have used the parity model to evaluate the
efficiency of the OTC options market (see Stoll [1969] and Gould and

10. Note that the average at-the-market put/call price ratio for the DJ sample exceeds

one in some periods. This is induced by the combination of a large dividend yield on the
stocks and a relatively low interest rate.
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FiG. 5.—Average put/call price ratio versus time (DJ stock sample)

Galai [1974]), and the magnitude of the bias will affect, at least in part,
the validity of their conclusions. Because the source of the differences
between the two models is early exercise of the put, the magnitude of
the bias measures the value of the right to exercise early. If this right
has virtually no value, then the parity model would be an attractive
approximation to the exact solution because of its relative computa-
tional simplicity and because it can be used together with any theory of
call pricing to generate put prices.

While a complete analysis of the bias for all parameter values is
outside the scope of this study, we can shed some light on this issue by
comparing the option premiums generated by the two models for the
sample of stocks and observations period chosen for our strategy
simulations.

The absolute dollar bias, measured by taking the correct put price
minus the parity model put price, will always be nonnegative. With
respect to the inputs into the models, the magnitude of the bias will be
larger for larger values of E and r, and it will be smaller for larger values
of S, o?, and {d;}. The percentage bias, measured by dividing the
absolute dollar bias by the parity model put price, is also nonnegative.
The percentage bias will be larger for larger values of r, and smaller for
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F1G. 6.—Average percentage bias versus time; put/parity model price ratio
(136-stock sample).

larger values of o* and {d;}. However, unlike the absolute dollar bias,
the change in the percentage bias with respect to a change in either S or
E is not always in the same direction. Figure 6 plots the average of the
percentage bias for 6-month puts on each of the underlying stocks in
the 136-stock sample for the 28 6-month periods from July 1963 to
January 1977. The three time series of average percentage bias are for
the different option series with exercise price/initial stock price ratios
of 0.9, 1.0, and 1.1, respectively. Figure 7 plots the corresponding
average percentage premiums for the DJ stock sample.

As inspection of figures 6 and 7 illustrates, even on an average basis,
the percentage bias is significant for all three option series. As ex-
pected, the bias is largest in periods of high interest rates such as in
1969 and 1974. Hence, it is our conclusion that for all but the ‘“‘rough-
est’’ of evaluations, the parity model is not an appropriate put-pricing
model.

Because the only difference between the parity model and the cor-
rect model is the early-exercise provision, our results demonstrate that
the right of early exercise has significant value. Hence, the frequency
and time pattern of early exercise as well as the levels of the underlying
stock prices where early exercise is likely to take place are integral
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(DJ stock sample).

parts of the analysis of put-option investment strategies. Again, since
organized trading in put options has only just started, there is, at the
moment, no market experience with these patterns. Therefore, we
have computed these statistics as part of our simulation analysis.
For puts on non-dividend-paying stocks, the early-exercise stock
price/exercise price ratio, [S(T)/E], will be a monotonically decreas-
ing function of the length of time until expiration, T.!! However, if the
underlying stock pays cash dividends during the life of the put, then
[S(T)/E] need no longer be monotonic. A large anticipated future
dividend on the stock will cause the optimal exercise points prior to its
ex-date to be much lower than they would be otherwise. In particular,
as an ex-dividend date is approached, the ratio will become a locally
increasing function if 7. This more complicated time pattern associated
with dividend-paying stocks is illustrated in figures 8 and 9, where the
average [S(T)/E] is plotted as a function of the time until expiration for
put options on the underlying stocks in each of the representative stock

11. For further exposure to the time pattern of early exercise, see the tables at the end
of the article by Parkinson (1977).
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FiG. 8.—Average early-exercise stock price/exercise price ratio versus time
until expiration of the put option (136-stock sample).

samples. The ratios plotted are the averages for all stocks in each
sample averaged across the 28 6-month observation periods between
July 1, 1963 and June 30, 1977.12 Inspection of figures 8 and 9 shows the
“‘normal’’ decreasing time pattern for T between 1 and 10 weeks and
between 18 and 24 weeks. However, for T between 11 and 18 weeks,
the average early-exercise ratio is a distinctly increasing function of 7.
Because this latter pattern is caused by dividend payments, it might
appear surprising that it would be so pronounced since the plotted
ratios are averaged across all stocks and over time. The reason is that
the ex-dividend dates for different companies tend to cluster around
specific months of the year, and hence the time pattern for the average
is qualitatively similar to the time pattern for a single stock. Moreover,
because during the simulation period the same months are used for

12. Formally, the ratios were computed for each stock sample by the formula

e
{Z > §,,(T)/E,,]/28n.
=1 Jj=1

where §,,(T) is the early-exercise stock price on stock j in time period 7 when the put has
exercise price E,; and time 7T to go until expiration.
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F1G. 9.—Average early-exercise stock price/exercise price ratio versus time
until expiration of the put option (DJ stock sample).

rebalancing the portfolios, the patterns will be stable over time. The
periodicity of dividend ex-dates induces a ‘‘seasonal’’ effect which
makes the time patterns displayed sensitive to the January and July
rebalancing dates chosen for the simulations. Therefore, the reader is
warned that the values plotted in the figures are only representative.
For a given stock in a particular 6-month period, the S(T)/E ratios can
be quite different.

Table 1 summarizes the frequencies and time patterns of the early-
exercise experiences for 6-month put options on each of the underlying
stocks in the two stock samples during the 14-year stimulation period.
For each sample, there are three different option series with exercise
price/initial stock price ratios of 0.9, 1.0, and 1.1, respectively. The
frequency percentages in the table are based on daily observations
which were stratified into 30 (calendar)-day time intervals. Although
the specific frequencies recorded in table 1 depend on the return
experience of the underlying stocks during the simulation period,'®

13. Asdiscussed in the text, the dates of dividend payments will influence the patterns
of earlier exercise. Hence, the chosen rebalancing dates for the si i will induce
seasonal effects in the measured frequency rates.
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these results lead us to expect that a significant fraction of all put
options exercised will be exercised prior to the expiration date. With
this, we conclude this section on put-option pricing and proceed with
the analysis and simulations of the various put-option investment
strategies.

III. Put/Call Conversion Strategies

All put/call conversion strategies have in common that the investor or
“‘converter’’ purchases a specific number of shares of stock, purchases
put options on the same number of shares of the same stock, and
simultaneously sells short (i.e., ‘‘writes’’) the same number of call
options with the same exercise price and expiration date as the puts.**
while all such strategies have this feature, their patterns of returns will
differ depending on the choice of maturity and exercise price for the
options.

There is a common misbelief that the returns on such conversion
strategies are riskless. Indeed, the parity model put-pricing formula (1)
is derived from the assumption that the conversion returns are riskless.
The basis of this misbelief comes from examining the payoff to a
conversion position on the expiration date of the options. Assuming
that the position was established at time zero and the expiration date of
the options is at time 7, then the payoff on the expiration date to a
N-share converter’s position’® is

m
N [E 4 Z d,f”T'ti)], 2)
i=1

where dividends paid on the stock during the investment period are
assumed to be reinvested in riskless fixed-income securities. Note that
the payoff to the converter is the same, independent of the price of the
stock on the expiration date. Hence, with the exception of the
intrainvestment-period variations in the interest and dividend rates, the
payoff is totally predictable, and therefore the return is (virtually)
riskless. If the payoff to an investment is riskless, then to avoid arbi-
trage, s it must be priced to yield a return equal to the interest rate on a
riskless investment. The converter’s investment, /, is given by

I=N@$ +P-0C), 3)

14. Under current rules, the writer of a call receives the proceeds at the time of sale.
The “‘reverse’ or call/put conversion strategy which writes a put, shorts the stock, and
buys a call is more complicated to analyze because the converter will not in general have
the use of the proceeds from the stock short sale.

15. This assumes no transactions costs and no differential tax rates.

16. If institutional restrictions rule out complete arbitrage, then a similar argument can
be made using ‘‘dominance’’ (see Merton 19735, p. 143).
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where S, P, and C are the stock, put, and call prices, respectively, at
the time that the position is established. The parity model formula (1)
was derived by setting the return (i.e., the payoff in [2] divided by / in
[3]) equal to exp(rT).

However, the riskless nature of the investment is derived from the
assumption that the options are not exercised prior to expiration, and
as was demonstrated in the previous section, such an assumption is
neither a good theoretical nor a good empirical approximation. Indeed,
as illustrated in figures 6 and 7, the converter should, in general, have
to pay significantly more than the parity model price to buy a put.
Hence, the converter’s initial investment will be larger than derived in
the parity model, and therefore the converter will earn a return lower
than r on those positions where the ex post pattern of the price move-
ments of the stock are such that the put is not exercised prior to its
expiration date. To offset, at least in part, these lower return patterns,
the converter will earn a return higher than r on those positions where
the ex post pattern of stock price movements is such that the put is
(optimally) exercised significantly prior to its expiration date. Although
the volatility of the returns on conversion strategies will be very much
lower than for the underlying stocks, the conversion returns are un-
certain because they depend on the time path of stock prices. The
expected return on a conversion position will depend on the expected
return of the underlying stock. Because the converter will earn lower
returns when the put is not exercised prior to expiration and will earn
higher returns when it is, the risk position of a put/call converter is
slightly *‘bearish’” on the underlying stock.'” That is, the returns to
conversion will be higher in periods of stock price declines and lower in
periods of price rises. Therefore, if the underlying stock has an ex-
pected return larger than r, then the expected return on the conversion
position will be smaller than r.18

To develop the empirical return patterns, we have simulated the
put/call conversion strategies for both samples of stocks over the
period from July 1963 to June 1977. For each sample of stocks, we
simulated three strategies that differ only with respect to the exercise
price/initial stock price relationship. All strategies examined have in
common that the option maturities are 6 months. The three strategies
use options with exercise price/initial stock price ratios of 0.9, 1.0, and
1.1, respectively. Hence, if the market price of the stock were $100 per

17. A *‘bearish’ position is one where the returns depend on the stock price and are
nonincreasing functions of the stock price.

18. If, e.g., securities were priced so as to satisfy the security market line of the capital
asset pricing model, then an expected return on the underlying stock greater than r
implies it has a positive “‘beta.”” A ‘‘bearish position on the underlying stock will
therefore have a negative beta, and hence an expected return below r.
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share at the time the position is established, then the first strategy
would buy a (‘‘out-of-the-money’’) 6-month put option with a $90
exercise price and would write a (*‘in-the-money’’) 6-month call option
with the same exercise price. The second strategy would buy a (“‘at-
the-money’’) put the option with a $100 exercise price and would write
a corresponding (‘‘at-the-money’’) call option. The third strategy
would buy a (*‘in-the-money’’) put option with a $110 exercise price
and write a corresponding (‘‘out-of-the-money’’) call option.

For each sample of stocks, we constructed three portfolios of con-
version positions to represent the three strategies. All options had
6-month maturities, and within each portfolio, all options had the same
exercise price/initial stock price ratio. In each portfolio, an equal
number of dollars was invested in conversion positions for each stock
in the sample.

Explicitly, if I; denotes the net investment required for a 100-share
conversion position in stock j, then, in a fashion analogous to formula
3),

e @

where S, is the initial price per share of stock j and P; and C; are the
respective put and call prices on 100 shares of stock j. If there are n
stocks in the sample and if the total value of the portfolio is $W,, then
for an equal dollar investment in conversion positions for each stock,
the number of puts purchased and calls written on stock, j, N, is given
by

W,

N; zn—l,-’J

=30 uitly (5)
and the number of shares of stock j held in the portfolio is 100N;. Since
the magnitude of N; depends on the value of the portfolio, W,, we
allowed N; to be a noninteger for purposes of the simulations.

With the following two exceptions, the portfolios are not revised
until the end of the 6-month investment period when the options
expire. The exceptions are: first, all dividends received on the stocks
during the investment period are reinvested in commercial paper until
the end of the period. Second, if during the investment period the stock
price on a given position reaches a level where (according to our
model) it is optimal to exercise the put, then that conversion position is
closed. When a position is closed, the put is exercised, the stock held is
delivered, and the corresponding calls are repurchased. The call price
used for repurchase is computed using the Black-Scholes formula
described in Appendix A. The net proceeds from closing out a posi-
tion are reinvested in commercial paper until the end of the investment
period.

All positions not closed prior to expiration are closed at the end of
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the investment period, and along with the commercial paper invest-
ments, the proceeds are added together to give the end-of-period value
of the portfolio, $W. Each portfolio is then rebalanced to have an equal
dollar investment in conversion positions for each stock by using
formulas (4) and (5) where now the total value of the portfolio is $W.
Each time a specific portfolio is rebalanced, the options in that portfolio
will have the same exercise price/initial stock price ratio. However,
the premiums paid and received for options each period will generally
be different. The semiannual rate of return for the portfolio is given by
(W — W,)/W,, where W, is the initial value of the portfolio.

Table 2 summarizes the semiannual rate-of-return experience of the
three strategies over the entire simulation period for each of the two
stock samples. For comparison with the riskless strategy, we have
included the corresponding return experience for ‘‘rolling over” 6-
month commercial paper. As discussed, the return experience of the
conversion strategy will depend on the return experience of the under-
lying stocks. Therefore, we also have included the return experience
on an equally-dollar-weighted portfolio of the underlying stocks for
each stock sample. The stock returns assume reinvestment of all divi-
dends, and as with all our simulations, we assume no taxes or transac-
tions costs.

For both stock samples, the volatilities of the conversion strategies,
measured either by standard deviation or total range of observed re-
turns, are quite low in comparison with the underlying stocks, but
higher than from rolling over commercial paper. For the most part, the
volatility increases as one moves in the direction of conversion
strategies with higher exercise price/initial stock price ratios where the
likelihood of early exercise of the put is greater. The average returns on
the conversion strategies were all lower than the average returns from
rolling over commercial paper. Because both stock portfolios had, on
average, positive excess returns during the simulation period, this
finding is consistent with the slightly bearish position of these
strategies.

The simulations of the conversion strategies can be used to further
investigate the empirical validity of the parity model. However, the
statistics presented in table 2 are not in the most useful form to do so.
Even if the parity model held exactly (and we know it does not) and the
realized returns from conversion strategies exactly equaled the com-
mercial paper rate on a period-by-period basis, the volatility of the
returns over the simulation period would not have been zero because
the commercial paper rate varied during the period. Hence, the impor-
tant time series for this purpose are the excess returns of the strategies
measured by taking the difference each period between the realized
return of the strategies and the commercial paper rate. Table 3 sum-
marizes these excess return experiences. Inspection of table 3 shows
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TABLE 3 Si 'y Statistics for Semi: Rate-of-Return Simulations, Put/Call
Conversion Strategies, Excess Returns, July 1963—June 1977 (%)
Exercise Exercise Exercise
Price = .9 Price = 1.0 Price = 1.1

Stock Price Stock Price Stock Price

136-stock sample:

Average excess rate of return —.051 —.059 —.095
Standard deviation .531 .552 .583
Highest excess return 1.819 2.082 2.145
Lowest excess return —.654 —.691 —.874
Average compound excess return ~=1052 —.060 =097
DJ stock sample:
Average excess rate of return —.061 =119, =209
Standard deviation .499 522 507
Highest excess return 1.579 1.798 1.866
Lowest excess return —.646 =187 —.688
Average compound excess return —.100 =920 =209

that these excess returns are far from predictable even for a large
portfolio of conversion positions. Therefore, returns to conversion
strategies are uncertain, and the assumptions of the parity model are
empirically invalid.

To emphasize the importance of optimal early exercise for put-
option strategies, we conclude our analysis of conversion strategies by
simulating the returns to a converter who never exercises his put
positions prior to the expiration date. Because all positions are held
until expiration, the payoff to a position is given by formula (2), which
is independent of the terminal stock price. However, the rates of return
will vary because the interest rate and premiums for options change
from period to period. Table 4 records the return experiences over the
simulation period. For all three conversion strategies, the average
returns are lower than for the corresponding strategies with optimal
early exercise. As expected, the differences are largest for the strategy
with the highest exercise price/initial stock price ratio and smallest for
the strategy with the lowest ratio. For the out-of-the-money conversion
strategy, the differences in average returns between the optimal early-
exercise strategy and the one which maintains the position until expi-
ration is only about seven basis points. However, the spread in
semiannual average returns for the at-the-money conversion strategy is
about 20 basis points, which is about 7% of the total average returns
earned. For the in-the-money strategy, the spread doubles to more than
40 basis points or about 14% of the average returns.!®

In summary, put/call conversion strategies are not riskless. Because

19. The spreads would have been even larger if it were not for the seasonal effect
discussed in n. 13 and the text. In general, the spreads will also be larger on non-
dividend-paying stocks.
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they are slightly bearish positions, such strategies will in general have
expected returns somewhat below the riskless interest rate. Because of
the many transactions involved, it is unlikely that conversion strategies
would be appropriate investments for any but the lowest-transactions-
cost investor. However, by examining these strategies, we have dem-
onstrated some of the properties common to all put-option strategies.
In particular, it was shown that an important part of any put-option
strategy is the optimal early exercise of the put. Hence, any simulation
of put-option strategies that assumes all put positions are held until the
expiration date will systematically understate the returns to the buyers
of puts and overstate the returns to the writers of puts.

IV. Uncovered Put-Option-Writing Strategies

All uncovered or ‘‘naked’’ put-option-writing strategies have in com-
mon that the investor writes a put option and holds a specific amount of
investment in fixed-income securities as assurance that he can meet his
obligations should the put option be exercised. The patterns of returns
for these strategies will differ substantially depending on the maturity
and exercise price/initial stock price ratio of the put and the amount of
assurance money allocated to the position. Moreover, if the amount of
assurance money is less than the exercise price of the option, then the
strategy must specify a price level (*‘filter point’) for the underlying
stock where the position is liquidated to reflect the investor’s inability
to meet margin calls.

While each variation applied to the same underlying stocks will
generate a different pattern of returns, the number of variations is so
large that an exhaustive examination is not feasible. Hence, for each
sample of stocks, the study of these writing strategies is limited to three
strategies that differ only with respect to the exercise price/initial stock
price ratio. For each of these strategies, the amount of assurance
money allocated to a position is equal to the number of 100-share put
options written times 100E, where E is the exercise price per share,2
and this money is assumed to be invested in prime commercial paper.
In addition, all the strategies have in common that both the option and
commercial paper maturities are 6 months. The three variations in the
exercise price/initial stock price ratio used in the simulations are the
same as the ones used for the conversion strategies, namely, an out-
of-the-money strategy with a ratio of 0.9, an at-the-money strategy with
a ratio of 1.0, and an in-the-money strategy with a ratio of 1.1.

20. This requirement ensures that the writer will have a sufficient reserve to meet his
put obligations for all possible stock prices. This ‘‘maximum reserve’ condition far
exceeds initial margin requirements. If a smaller reserve base were used, the resulting
return figures would be the same as “‘levering™* the portfolio strategies in the text by
borrowing at the commercial paper rate.
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For each of these three strategies, the qualitative characteristics of
the return patterns are quite similar to those of a fully covered call-
writing strategy where the call option’s maturity and exercise price are
the same as for the corresponding put. Indeed, if the conditions for the
parity model held, then the return patterns would be identical except
for some minor differences in leverage. Therefore, because the qual-
itative characteristics of fully covered call-writing strategies are dis-
cussed in detail in our earlier study (Merton et al. 1978), we will only
discuss in detail the one major difference between the uncovered
put-writing and corresponding fully covered call-writing strategies. In
our earlier study, we made the reasonable assumption that the call
options would not be exercised prior to the expiration date.?! However,
as has been amply demonstrated here, such a ‘‘no early exercise’’
assumption is not reasonable for put options. Therefore, the incidence
of (optimal) early exercise will cause the return patterns of uncovered
put-option-writing strategies to differ from those of the corresponding
fully covered call-writing strategies. Of course, if, as a general rule, put
buyers do not exercise their puts until the expiration date, then put
writers will earn ‘‘windfall’’ higher returns. However, such nonoptimal
behavior on the part of put buyers is not a reasonable assumption for
simulating put-writing strategies.

Having established the principal differences between the two types
of strategies, we now turn to the simulations of their return experiences
over the 14-year period from July 1963 to June 1977. For each sample
of stocks, three portfolios of uncovered put-writing positions were
constructed to represent the three strategies. Within each portfolio, all
options had the same exercise price/initial stock price ratio. In each
portfolio, an equal number of dollars was invested in uncovered put-
writing positions for each stock in the sample. We assume that the
option premium received is used to reduce the investment required in
the position. Hence, if ; is the net investment required for a 100-share
uncovered put-writing position in stock j, then

I, = 100E; — P, ©)

where P; is the put price on 100 shares of stock j and E is the exercise
price per share on the put. If there are n stocks in the sample and if the
total value of the portfolio is $W,, then for an equal dollar investment in
uncovered put positions for each stock, the number of puts written on
stock j, Nj, is given by

W

Ny=—pi =12 .n. @

21. In Merton (1973b, pp. 144—45), it is proved that for non-dividend-paying stocks, it
is never optimal to exercise a call early. Even for dividend-paying stocks, the errors in
simulated returns from neglecting early exercise are small. See Merton et al. (1978) for
further discussion of this point.
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After the put premiums are received, the portfolio will have

n
100 > NE;
=
dollars invested in prime commercial paper.

If during the investment period the stock price on a given put drops
to a level where (according to our model) it is optimal to exercise the
put, then the put is repurchased for its in-the-money value by selling off
the appropriate amount of commercial paper. Otherwise, the portfolios
are not revised until the end of the 6-month investment period when the
options expire.

At the end of the investment period, the commercial paper invest-
ments mature and all puts not already repurchased will either expire
worthless or are repurchased for their in-the-money value. The net of
these investments is the end-of-period value of the portfolio, $W. Each
portfolio is then rebalanced to have an equal dollar investment in new
uncovered put-writing positions for each stock by using formulas (6)
and (7), where now the total value of the portfolio is $W. Each time a
specific portfolio is rebalanced, the options in that portfolio will have
the same exercise price/initial stock price ratio. However, the pre-
miums received for puts and the interest rate earned on the commercial
paper will in general be different each period.

Table 5 summarizes the semiannual rate-of-return experience of the
three strategies over the entire simulation period for each of the two
stock samples. Because the two types of strategies are quite similar, we
have included the return experience for the corresponding fully cov-
ered call-writing strategies to allow direct comparisons. Because the
uncovered put-writing strategies are ‘‘bullish’’ on the underlying
stocks,?? their returns will depend on the returns of the underlying
stocks. Hence, we have also included the return data for each stock
sample on an equally dollar-weighted portfolio of the underlying
stocks. For both stock samples, detailed tables of average compound
return and growth of a $1,000 investment for the at-the-money uncov-
ered put-writing strategy are presented in Appendix B. To make com-
parisons, the returns on the underlying stocks in each sample and the
returns on commercial paper are presented in Appendix D. Figure 10
plots the values for hypothetical initial investments of $1,000 in each of
the three uncovered strategies and the underlying stock portfolio for
the 136-stock sample. To facilitate comparisons, a logarithmic scale is
used for the portfolio values. Figure 11 provides similar plots for the DJ
stock sample.

For both stock samples, the volatility of the uncovered put- and fully
covered call-writing strategies increases markedly as one moves in the

22. A *‘bullish” position is one where the returns depend on the stock price and are
nondecreasing functions of the stock price.
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FiG. 10.—Growth of $1,000 invested in each of three uncovered put
strategies and stock (136-stock sample).

direction of writing options with higher exercise price/initial stock price
ratios. For the out-of-the-money uncovered put strategy, the range of
observed returns was about 2,000 basis points (—6.0 to 14.4%) for the
136-stock sample and about 1,400 basis points (—2.2 to 12.1%) for the
DJ stock sample. For the in-the-money uncovered put strategy, the
range of observed returns is about 2,900 basis points (—5.6 to 23.6%)
and 2,600 basis points (—2.8 to 23.1%) for the respective samples. The
standard deviation for the out-of-the-money put strategy was less than
55% of the standard deviation of the in-the-money put strategy.

All three of the uncovered put strategies had significantly smaller
return volatilities than the underlying stock portfolio. By switching
from the stock portfolio to one of the uncovered put strategies, an
investor would have reduced the standard deviation of his returns by
about 77% for the out-of-the-money strategy, by about 65% for the
at-the-money strategy, and by about 55% for the in-the-money
strategy.

While the observed range of returns is also reduced by switching
from the underlying stock portfolio to an uncovered put-writing
strategy, the reduction in the range of returns is not symmetric around
gains and losses. For example, the largest loss for the at-the-money
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uncovered put strategy was about 1,300 basis points (13%) smaller than
the largest loss on the underlying stock portfolio. However, for the
same strategy, the largest gain was approximately 3,400 basis points
(34%) smaller than the largest gain on the stock portfolio. This asym-
metric reduction is also reflected by the significant reduction in positive
skewness in switching from the stock portfolio to the uncovered put
strategies. As with fully covered call-writing strategies, the lower re-
turn volatility of the uncovered put strategies and their somewhat
higher returns when stocks either decline or appreciate moderately are
earned at the expense of a substantially smaller return than on the
stocks during periods of large stock appreciation.

As expected, the patterns of returns for the uncovered put-writing
strategies are similar to those of the fully covered call-writing
strategies. However, the return volatilities of the uncovered put
strategies are systematically lower than the volatilities of the corre-
sponding fully covered call strategies. There are essentially two rea-
sons for the lower volatility. First, the initial dollar investment per 100
share option position is larger for the uncovered put-option strategy
than for the corresponding fully covered call strategy, and therefore
less leveraged. If, as assumed, the call-option premium received is
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used to reduce the investment required in the position, then the net
investment required for a 100-share fully covered call-writing position
in stock j, Ij, can be written as

I, = 100S,; — C,, ®

where C; is the call price on 100 shares of stock j and S, is the stock
price per share. From formulas (6) and (8), we have that

L=l = 100(E, = 8.+ Cy— Py ©)

which will be positive for all maturities and exercise price/initial stock
price ratios provided that the dividend rate on the stock is not unusu-
ally high.?® Neglecting, for the moment, the early exercise possibility
for the puts and assuming dividend payouts are known and fixed over
the life of the options, the difference on the expiration date between the
dollar value of a 100-share uncovered put-writing position and the
dollar value of a corresponding fully covered call-writing position will
be a fixed amount, independent of the stock price. Hence, in this case,
the variance of the dollar return per 100-share position will be the same
for the two strategies. But, I; is generally larger than ;. Therefore, the
variance of the return per dollar of investment for the uncovered put
strategy will be smaller than the variance of the return per dollar for the
corresponding fully covered call strategy. Second, including the early
exercise provision will tend to reinforce this result, because any posi-
tion that is exercised early will no longer be a source of variation for the
portfolio over the balance of the investment period.2* Therefore, our
simulations empirically verify that uncovered put writing is a some-
what more conservative strategy than fully covered call writing, and
both are more conservative than holding the underlying stocks.

As pointed out in our earlier study (Merton et al. 1978, p. 210), *‘the
observed average returns for the strategies reflect the combined
influence of two factors: (1) degree of sensitivity of the returns on the
strategies to the returns on the underlying stocks and (2) the perfor-
mance of the underlying stocks during the simulation period.”” As was
true for our earlier study, the average returns reported here should be
interpreted as reasonable estimates of the expected returns on the
strategies conditional on the return experience of the underlying
stocks. That is, in making comparisons of the average returns among

23. InMerton (1973b, p. 159, eq. [20]), it is shown for non-dividend-paying stocks that
(100(E; — ;) + C; = P;. For dividend-paying stocks, the bounding inequality is 37 d,
exp(—rt,) + 100(E; — §;) + C; > P;. As noted in n. 10, there were some periods in which
C; < P, for E; = S, because of large dividends.

24. This argument assumes that replacing a positive-variance asset with a riskless
asset will reduce the variance of a portfolio. This need not be the case in the (unlikely)
event that the position replaced has a negative correlation with at least some of the other
positions in the portfolio. The early exercise in the put strategy will also ‘‘cut off’®
extreme losses when stocks decline.
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the various strategies, the reader should bear in mind the (ex post)
return experience of the underlying stocks. If stocks perform well, then
a more bullish strategy will have higher average returns than a less
bullish one. However, this need not be the case if stocks do not
perform as well ex post as was expected ex ante.

During the simulation period, both the 136- and DJ stock portfolios
outperformed the Standard & Poors 500 on an absolute and risk-
adjusted basis.?® Hence, it is not surprising to find that among the
uncovered put-writing strategies, the more bullish, in-the-money
strategy had a higher average return that the at-the-money strategy,
which, in turn, had a higher average return than the less bullish,
out-of-the-money strategy. Similarly, the more bullish, fully covered
strategies had higher average returns than the less bullish ones. How-
ever, at first glance it is not clear why across the two stock samples the
average returns on each uncovered put-writing strategy were virtually
the same even though the 136-stock portfolio had an average return 300
basis points higher than the return on the DJ stock portfolio. The fully
covered strategies did not exhibit this relative insensitivity to the
difference in average returns between the two stock samples.

A significant systematic difference in the return patterns between the
uncovered put-writing strategy and the comparable fully covered call
strategy is the behavior at the extremes. Although the highest return
figures are essentially the same, the largest loss figures are always
much smaller for the uncovered put-writing strategy. The reason is that
the optimal early exercise point in the put strategies creates, in effect, a
**stop-loss’’ strategy. Hence, at the extremes, the losses on such a
strategy will be much smaller than for a hold-until-expiration strategy.
To see the effect of early exercise on the return patterns, we computed
the returns on the uncovered put-writing strategies under the assump-
tion that none of the puts is exercised prior to expiration. Table 6
displays these returns together with the returns from the fully covered
call-writing strategies.

As expected, by eliminating the ‘‘stop-loss’’ feature induced by early
exercise, the largest losses to the uncovered put-writing strategies
increase substantially and are comparable in magnitude, although al-
ways smaller, to those on the fully covered strategies. Moreover, the
standard deviation and skewness of the returns change such that over-
all return patterns on the uncovered put-writing strategies become, as
expected, quite similar to those on the fully covered call strategies.
Further, the previously observed insensitivity of the average returns on
the put-writing strategies to the difference in average returns on the

25. During the simulation period, the Standard & Poors 500 stock portfolio had a
semiannual average rate of return of 3.87% with a standard deviation of 13.05%. The
measured ‘‘beta’’ and ‘‘alpha” of the 136- and DJ stock portfolios over this period were
1.17, 3.68% and 1.00, 0.71%, respectively.
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TABLE 6 Summmary Statistics for Semisnnual Rate-of Return Simulations,
Uncovered Put-Writing Strategies with No Early Exercise, July

1963 Jume 1977
Exercise Exercise Exercise
Price = 9 Price = 1.0 Price = 1.1
Stock Price Stock Price Stock Price
136-stock sample:
Average rate of retum (%) 35 41 52
Standard deviation (%) 45 66 87
Highest retum (%) 44 ®.1 247
Lowest return (%) =53 -132 —157
A compound return (%) 33 38 47
Growth of $1,000 ($) 255% 2,906 3,745
Cocflicicnt of skewness - —44 -2
DJ stock sample:
Average rate of retem (%) 32 36 44
Standard deviation (%) 35 59 82
Highest retam (%) 21 69 Bi1
Lowest retura (%) —50 —31 -9
Average compound return (%) 3.1 34 40
Growth of $1,000 ($) 2,400 257Mn 3,058

- —21 &5

put-writing strategies to the difference in average returns on the two
underlying stock portfolios disappears. These rather significant
changes in the patterns of returns underscore the importance of taking

In concluding our study of uncovered put-writing strategics, we
analyze how their returns are affected by different levels of put pre-
miums. This is particularly important because the simulations used
premium levels generated by a model and not actual transaction prices.
Moreover, because organized put trading has only just started, there
are few data available to test the reliability of the model in predicting
market prices. This sensitivity analysis, together with figares 2 and 3,
provides the reader with the means to adjust our results to his own
estimates of put premium levels and to the effects of commission costs.

The sensitivity analysis was applied to the at-the-money uncovered
put strategy using six premium estimates different from the model
estimates. The estimates used were in intervals of 10% changes in the
premium level ranging from 30% below the model estimate to 30%
above. Table 7 displays the summary return statistics of this sensitivity
study.

Of course, other things the same, the higher the premium, the higher
will be the returns on an uncovered put-writing strategy. However, it is
the magnitude of the change which is important. For the 136-stock
sample, a 10% increase in the premium received corresponds roughly
to an additional 80 basis points (0.80%) in semiannual average return.
For the DJ stock sample, the corresponding increase in average return
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is about 70 basis points (0.70%). These changes are significant. More-
over, because the standard deviation is virtually unaffected, the aver-
age compound return will change in about the same way the average
return does. The observed sensitivity of the average returns to the level
of premiums should also serve as a further warning against placing
great significance on the levels of measured average return even over a
14-year period.

In summary, investors who choose to follow the uncovered put-
writing strategies will have significantly lower risk exposure than if
they hold a portfolio of the underlying stocks. However, as with fully
covered call strategies, this lower risk is accompanied by lower ex-
pected returns. Although the qualitative characteristics of the returns
on the uncovered put-writing strategies are similar to their corre-
sponding fully covered call-writing strategies, there are significant
quantitative differences caused by the incidence of early exercise of the
puts and the differences in leverage.

V. “Protective-Put’’ Buying Strategies

The *‘protective-put’’ buying strategies®® all have the common property
that the investor holds a specific number of shares of stock and buys
put options on the same number of shares of the same stock. In the
discussion of the functional characteristics of options in our earlier
paper (Merton et al. 1978), we described the principal function of a put
option as term insurance against a decline in the underlying stock where
the length of the term is the time until the expiration date. So, in effect,
investors who follow these strategies purchase ‘‘insurance’ to limit
their losses from declines in the prices of the underlying stocks. The
maximum gross loss per share on a protective put-buying position is
the difference between the initial stock price and the exercise price of
the put less any dividends received on the stock. The maximum net
loss per share is computed by adding to the gross loss the cost of the
put per share. The magnitude of the maximum loss will depend on the
relationship between the exercise price of the put and the market price
of the stock at the time the put is purchased. As the exercise price/
initial stock price ratio is increased, both the gross and net maximum
losses are decreased. Indeed, for in-the-money puts, the maximum
gross loss is negative (i.e., a gain). Of course, the maximum net loss is
always positive.

All protective-put strategies are ‘‘bullish’’ on the underlying stock;
although there is a floor’” on losses, there is no ‘‘ceiling’’ on gains.
Hence, the protective-put buyer, like any buyer of insurance, hopes

26. The term *‘protective put’’ to describe these strategies was coined by Robert C.
Pozen, New York University. An alternative descriptive term would be ‘‘insured-
equity’’ strategies.
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that he will not have to collect on the “‘policy’” and exercise his put. He
hopes that the stock will rise because the larger the rise, the larger are

While all protective-put strategies are bullish, the degree of de-
pendence on the stock is not the same for different exercise price/
initial stock price ratios. For a fixed maturity, this dependence is
discussed, the maximum loss will be smallest on an in-the-money
strategy and largest on an out-of-the-money strategy. However, given
any probability distribution for the underlying stock, the probability of
realizing this maximum loss is highest for the in-the-money strategy
and lowest for the out-of-the-money strategy. The volatility of the
returns will be lowest for the in-the-money strategy and highest for the
out-of-the-money strategy. Overall, the in-the-money strategy returns
will be the least sensitive to movements in the underlying stock’s price
and the out-of-the-money strategy will be the most sensitive.

The change in the rate-of-return distribution for an investor who
switches from a straight stock position to a protective-put position is
qualitatively the same for all such strategies. Clearly, the protective-
put position is more conservative. In those periods when the underly-
ing stock declines sharply, the protective-put position will have much
smaller losses than the straight stock position. However, these smaller
losses are earned at the cost of somewhat larger losses on the
protective-put position when the stock decline is moderate and at the
cost of smaller gains when the stock rises. These shifts in the return
distribution lead to a smaller variance and narrower range of observed
returns for the protective-put strategy. It is generally accepted that to
earn a larger expected return on correctly priced securities, one must
bear larger risks. Therefore, if the put and the stock are correctly
priced, then the expected returns on any protective-put strategy will be
lower than on the underlying stock.

The broad qualitative return characteristics of the protective-put
strategies are similar to those of the call options—paper buying
strategies which were simulated in our earlier paper (Merton et al.
1978). For example, both types of strategies have a ‘“‘floor’” on losses
and no ““ceiling”” on gains. However, unlike the protective-put
strategies examined here, the call opti paper str ies examined
there allocated a fixed proportion (10%) of the portfolio to option
purchases. Therefore, the “floor’” or maximum net loss is always the
same on these call strategies, namely, 10% of the portfolio’s initial
value less interest earned on the commercial paper part of the portfolio.

Moreover, the relative risk characteristics across different exercise
price/initial stock price versions of the call strategies change monotoni-
cally in the opposite direction to the changes in the risk characteristics
of the corresponding protective-put strategies. For example, the vol-
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atility and sensitivity to stock price movements of the call options—
paper strategies increase with an increase in the exercise price/initial
stock ratio, and the same is true for the observed range of returns.
Although protective-put strategies are always less volatile than the
underlying stocks, the call options—paper strategies can have return
volatilities that are either larger or smaller than the volatility of the
underlying stocks.

For sufficiently low exercise price/initial stock price ratios, the vol-
atility of a particular protective-put strategy will be higher than the
volatility of a corresponding call option—paper strategy with the same
maturity and exercise price. And, for sufficiently high ratios, the re-
verse will be true. However, there appears to be no simple rule for
determining the ‘‘watershed’’ exercise price/initial stock ratio where
the two volatilities are just equal.

To help answer these and other quantitative questions, we simulated
the returns to these strategies for the period beginning in July 1963 and
ending in June 1977. As with the other simulations, the three strategies
examined for each stock sample have the same 6-month maturity but
different exercise price/initial stock price ratios. As before, the three
ratios used are 0.9, 1.0, and 1.1. For each stock sample, three
portfolios of protective-put positions were constructed to represent the
three strategies. Within each portfolio, all options had the same exer-
cise price/initial stock price ratio. The investment required for a 100-
share protective-put position in stock j, I;, is given by

I, = 100S,, + P, (10)

where P; is the put price on 100 shares of stock j and §,; is the stock
price per share at the time that the position is established. If there are n
stocks in the sample and if the value of the portfolio is $W,, then to
create a portfolio with an equal dollar investment in protective-put
positions for each stock, the number of puts purchased on stock j, N;,
is given by

N,=nLI;',j=l,2,...,n, an
and the number of shares of stock j purchased is 100 N;.

If during the investment period the stock price on a particular
position falls to a level where (according to our model) the put should
be exercised, then the put is exercised by delivering the stock held in
the portfolio, and the proceeds are reinvested in prime commercial
paper for the balance of the investment period. All dividends received
from the stocks are reinvested in commercial paper. Otherwise, the
portfolios are not revised until the end of the 6-month investment
period when the remaining options will expire.

At the end of the investment period, the commercial paper invest-
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ments mature and the puts not already exercised either expire worth-
less or are exercised by delivering the underlying stock held in the
portfolio. The net value of these proceeds added to the value of all
stocks still held in the portfolio equals the end-of-period value of the
portfolio, $W. Each portfolio is then rebalanced to have an equal dollar
investment in protective-put positions for each stock by using formulas
(10) and (11), where “W” is substituted for ‘‘W,.”” Each time a
portfolio is rebalanced, the options in that portfolio will have the same
exercise price/initial stock price ratio.

In table 8, the summary semiannual rate-of-return statistics are pre-
sented for the three strategies over the entire simulation period. To
allow direct comparisons between the two types of strategies, we
include the summary return statistics for the corresponding options—
paper buying strategies. We also include the return statistics for each
stock sample. In Appendix C, the average compound returns and
growth of a $1,000 investment for the at-the-money protective-put
strategy are presented for both stock samples and every subperiod of
the simulation period. Figure 12 displays the time paths of values for
hypothetical initial investments of $1,000 in each of the three
protective-put strategies and the underlying stock portfolio for the
136-stock sample. Figure 13 provides the corresponding time paths for
the DJ stock sample.

The overall return volatility of the protective-put strategies, mea-
sured either by standard deviation or range of observed returns, de-
creases as one moves in the direction of buying puts with higher exercise
price/initial stock price ratios. As expected, this behavior is just the
opposite of the corresponding options—paper portfolios. For the out-
of-the-money protective-put strategy, the range of observed returns
was about 5,200 basis points (—8.2 to 43.6%) for the 136-stock sample
and about 4,800 basis points (—7.0 to 40.8%) for the DJ stock sample.
For the in-the-money strategy, the range of observed returns dropped
to about 3,300 basis points for the 136-stock sample and to 2,800 basis
points for the DJ sample. The standard deviation of the out-of-the-
money strategy was larger than the standard deviation of the in-the-
money strategy by about 78%. The volatility of the at-the-money
strategy was in between these two strategies’ volatilities.

There are three changes that cause the volatility to increase as one
moves in the direction of out-of-the-money strategies. First, the pre-
mium charged for a put, P;, goes down. So, per 100-share position, the
investment required, I;, is lower, and therefore, the number of shares
of stock held, 100N}, is larger. Hence, when stocks do well, the more
out of the money is the strategy, the larger will be the return. Second,
because the exercise price of the put will be smaller relative to the
initial stock price, the magnitude of the loss on a position will be larger
when stocks do poorly. Third, as one moves in the direction of out-
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FiG. 12.—Growth of $1,000 invested in each of three protective-put
strategies and stock (136-stock sample).

of-the-money strategies, the likelihood of an early exercise decreases.
Because a position that is exercised early is not a source of variation to
the portfolio over the balance of the investment period, fewer early
exercises cause the volatility to increase.

As expected, all three strategies had smaller volatilities than the
underlying stock portfolio. The observed range of returns is reduced
because the downside ‘‘insurance’’ of the put eliminates large losses
and because the cost of purchasing the ‘‘insurance’’ reduces the upside
rate of return. By switching from the stock portfolio to one of the
protective-put strategies, an investor would have reduced the standard
deviation of his returns by about 25% for the out-of-the-money
strategy, by about 41% for the at-the-money strategy, and by about
57% for the in-the-money strategy.

As discussed in Section IV, the reader should take into account the
ex post performance of the underlying stocks before drawing any
conclusions from the average returns reported here about the levels of
returns that one might reasonably expect to earn from these strategies
in the future. Because both the 136- and DJ stock portfolios performed
well during the simulation period, the more bullish strategies have
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FiG. 13.—Growth of $1,000 invested in each of three protective-put
strategies and stock (DJ sample).

higher average returns than the less bullish ones. Because of the
superior stock performance of the 136-stock sample, the average re-
turns on the strategies applied to this sample were significantly higher
than the average returns on the corresponding strategies applied to the
DJ stock sample.

Because the average returns are sensitive to premium levels, we
complete our study of the protective-put strategies with a sensitivity
analysis of the impact on the returns of different premium levels. Table
9 summarizes the return experience on an at-the-money protective-put
strategy for different premiums ranging from 30% below the model
estimates to 30% above. The results are similar to those reported in
table 7 for the uncovered put-writing strategies, although, of course,
the sign of the change is in the opposite direction. For the 136-stock
sample, a 10% increase in the put premium reduces the average return
by about 70 basis points, and for the DJ sample, the average return is
reduced by about 60 basis points. Since these changes have little effect
on the volatility of the returns, the average compound returns will
change by approximately the same amount.

In summary, by insuring against large losses on the underlying
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stocks, the investor who follows a protective-put strategy can
significantly reduce the risk of his stock portfolio. However, the cost of
this insurance is reflected by a reduction in expected return.

VI. Conclusion

As in our earlier paper on call-option strategies, our analysis here of the
uncovered put-writing and protective-put buying strategies demon-
strates that option strategies can be used by investors to produce
patterns of returns which are not reproducible by any simple strategy
of combining stocks with fixed-income securities.

If one views the put option as essentially term insurance against a
loss in value of the underlying stock, then an investor who follows an
uncovered put-writing strategy is supplying the service of providing
insurance. This strategy is ‘‘bullish’ on the stock. Like any writer of
insurance, he hopes that he will not have to pay any claims, and
therefore hopes that the stock does not decline. Moreover, he expects
to be compensated for this service, and the form of the compensation is
an expected return in excess of the return on riskless fixed-income
securities.

An investor who follows the protective-put buying strategy pur-
chases the insurance to protect the value of his stock portfolio. This
strategy is also bullish on the stock. Like a buyer of traditional insur-
ance, he hopes that he will not have to make a claim on the policy and
that the underlying stocks rise in price. Moreover, he expects to pay
for this insurance, and therefore he expects to earn a lower return than
if he had not purchased the insurance.

As tables 7 and 9 amply demonstrate, if the price charged for the put
insurance is ‘‘too low,”’ then the protective-put investor can reduce his
risk with less than the appropriate reduction in expected return. How-
ever, in this case, the uncovered put writer will not be adequately
compensated for his service and would, therefore, be unwilling to
continue to provide insurance at that price. Of course, just the opposite
would be expected to occur if put premiums are ‘‘too high.”’

As with any study based on past experience, one should exercise
great care in using our simulations as an indicator of future perfor-
mance of the various strategies. One reason is that our results are
clearly dependent upon the (ex post) trend and volatility of the actual
paths for our sample stocks during the simulation period. Of course,
the paths traversed by these stocks in the future could be quite differ-
ent. If, for example, stocks have a steeper trend in the future, then the
positive difference in average returns between the more bullish and less
bullish strategies reported here will be larger. If the trend in stocks is
less steep, then the differences will be smaller, and in some cases,
could become negative. Similarly for the same trend, if, ex post, stock
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returns are less volatile than expected, then option-writing strategies
will tend to outperform option-buying strategies. If stock returns are
more volatile than expected, then the reverse will obtain.

A second reason to exercise such care is that our results depend
significantly on the d option premiums, and actual premiums
may be different. As our sensitivity analyses amply demonstrate, the
principal effect of a change in premium levels is to change the average
returns. We have not formally compared our assumed put premiums
with actual market prices. However, in our earlier study on call
strategies which used a similar model, we did compare our model call
premiums with market prices and found that on average, the dif-
ferences between the two was not significant. Hence, in our opinion,
the premiums used in our simulations here are reasonable, and we
would not expect to find large and persistent differences between our
premium estimates and market prices.

Finally, as was stressed in our earlier paper, the reader should not
infer from our findings that any one of these strategies dominates the
others. If options and their underlying stocks are properly priced, there
will be no single best strategy for all investors. This, of course, does
not imply that an investor should be indifferent in his choice among
strategies. Because the patterns of returns exhibited by the various
strategies are not the same, investors with different tolerances for risk,
tax brackets, and commission costs will find that their optimal choice
among the strategies will also be different.

Appendix A

Black and Scholes (1973) derived the following partial differential equation for
the price of a call option, C(S,T),

1@ 0% BB ST B Al
275" a5 538 o ° b
subject to the boundary conditions
c0,T) =0,

C(S,0) = max (0,5 — E).
Equation (A1) can be solved to give a formula for the call price.
C(S.T) = Sé(X,) — Ee™" p(X,), (A2)

where

X [log(SlE) + (r . "7’)1'] / NGT.

X,=X, - o VT,

and ¢ () is the cumulative normal density function. Formula (A2) assumes no
cash dividends on the stock. In our earlier study and the present one, we adjust
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the formula for cach dividends by computing the p value of the actual

MMMhEﬁhdm“ﬂ:m_h
discount,

37 d; exp(—1),

and subtract this present value from the current stock price. In effect, this
that the dividends paid during the life of the option were escrowed at
the beginning of the period.
In Merton (1973b, p. 173), a comresponding partial differential equation is
derived for the value of a put, P(S.T), namely,

#P oAy 8
tors: &L +is3C -2 =0 @3)

subject to the boundary conditions
P(5.0) = max{0, E — S].
PIS(N.T1 =E — 5(),
P s e
;s—[sm.ﬂ—
where S(T) is the stock price such that it is optimal to exercise the put when the

put has time T to go until expiration. Except for the perpetual-put case, there is
no known close-form solution to (A3), and it must be solved for by numerical

hods. The solution includes the simultaneous determination of both P(S.T)
and S(7).
meﬂnmﬂu;nnm(Al)eqlnm(A})mmwshdwndﬂﬂsln
taking into di (A3) b a of m + 1 recursive

partial differential equations, whemmnsﬂlenni:uddwldendpaymts
during the life of the option. This system can be written as follows:

la"S’ ':g; +m%—rl’,——i£‘—=0,i=l,2,...,m (A%

subject to the boundary conditions:
PIS(n),71 =E - $(»),
%—’;‘ S(7),71=—
P,(ST—t)=Py,(S—d,T—1),
T
as

P,
";S' ST-1)= S d T

where P;(S,r) is the value of the put option with time 7 left to go before
expiration, and T = 1, , > 7 =T — ¢;. If, by convention, 7, = 0 and 7, = T,
then P,,,, (S,7) will satisfy equation (A3).

In performmg the simulations, we solve (A4) numerically for each stock in
each period using a method adapted from Parkinson (1977).
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Uncovered Put-Writing Strategy: Exercise Price/Stock Price = 1.0, Growth of §1,000 for DJ Stock Sample (§)
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Uncovered Put-Writing Strategy: Exercise Price/Stock Price = 1.0, Semlannual Percentage Rate of Return for DJ Stock Sample
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Semiannual Percentage Rate of Return for Commercial Paper

Underlying Stock Portfolio:
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